INTRODUCTION
Dry eye disease (DED) affects hundreds of millions of people globally [1, 2] . While the prevalence of DED increases with age [3] , lifestyle changes like rising use of smartphones and tablets have resulted in increasing reports of DED among younger populations [4] . DED symptoms have a substantial impact on patients' lives leading to eye discomfort, pain, fatigue and vision-related disturbances [5] [6] [7] [8] . This leads to impairment of their quality of life (QoL), including aspects of physical, social and psychological functioning, daily activities and workplace productivity [7, 8] . Consequently, DED is one of the most common reasons for seeking medical eye care [1, 2] , and the extensive QoL impact implies that understanding patient experiences is key to improving future treatments and outcomes in patients with DED [9] .
Conventional methods of assessing patient experience utilise surveys and questionnaires in different research settings (at home, online, at a doctor's office, through patient groups, etc.) [10] . The emergence of digital electronic devices and social media platforms has significantly altered the healthcare landscape and healthcare knowledge exchange in countries with high internet penetration [11] [12] [13] . Social media acts simultaneously as a platform to obtain diseaserelated information, identify and access healthcare resources, network with fellow patients, and communicate problems and experiences online [11] [12] [13] [14] . Therefore, social media platforms provide a window to patients' perceptions of their diseases, treatment, satisfaction with outcomes, and other factors affecting patient lives.
Social media listening (SML) is a new approach to harness information derived from social media platforms and generate insights into users' experiences. It has been employed to monitor and analyse discussions on health-related topics in diverse diseases [15] [16] [17] [18] [19] [20] . To date, there is no published literature on the use of SML to investigate the needs and experiences of patients with DED. The present study explores SML as a research tool to provide insights on disease burden, diagnosis, treatment patterns and QoL in patients with DED.
METHODS

Study Design and Data Source
A comprehensive search was performed on the social media platforms (Twitter, blogs, news and forums providing public access to information/posts) for English-language content posted online between December 2016 and August 2017. Social media platforms, like Facebook, which did not provide public access to information/posts were excluded. The resulting search output was evaluated for DED-related posts using the following predefined search terms: dry eye OR dry eye disease OR dry eye syndrome OR dysfunctional tear syndrome OR meibomian gland disease OR meibomian gland dysfunction. These keywords for DED were combined with other search terms related to the symptoms, diagnosis and medications (Supplementary Table 1 ). Social media posts in English language from the United States (USA), United Kingdom (UK), France, Germany, Italy, Spain, Canada, Australia and Japan were retrieved using the Social Studio Ò platform (Salesforce.com, USA). A pilot phase of the study was carried out resulting in 315 patient posts. A further extension of the study was subsequently carried out, resulting in the final cumulative output of posts used for analyses in the current study (Fig. 1) .
Selection of Posts and Text Data Cleaning
Social Studio
Ò is an online aggregator tool that provides downloadable links of posts from social media channels (Supplementary Table 3) based on specific keywords, with time stamp and geographic location of user. The Social Studio software we used utilizes the Rosette Language Identifier, enabling demanding text analytics applications whilst delivering high accuracy without sacrificing speed. It assigns a unique article ID for each downloadable link. These links were accessed to retrieve the content of the posts and the downloaded data were filtered and cleaned to remove duplicates (based on unique article ID and content snippet), irrelevant comments and out of scope content (e.g. general use of dry eye in a non-clinical sense, itch/pain with reference to conditions other than dry eye, etc.). Posts containing data from social media websites outside the scope of this study, aggregator or junk websites (i.e. websites leading to unsolicited advertisements, or unrelated misleading links), links that are not publicly accessible or not working, content pertaining to buying or selling drugs, market reports from pharmaceutical companies or e-retailers and posts by pharmacies were removed (Fig. 1) . Only English-language posts were considered for the study. Spelling correction was applied to the extent possible while evaluating the content of the post; it might have been possible that content was missed during search because of incorrect spelling in the posts not matching with the search terms used.
For the purpose of this study, a user refers to an individual who posted the content on social media. A unique record pertains to a unique individual (patient, caregiver), identifiable by the same content, even if their posts have a different time stamp. A post was defined as social media content with a defined article ID. Thus, each user has a record which cumulatively consists of one or several user posts on social media. A mention indicates the number of times a symptom, treatment, diagnostic test or other parameter is mentioned in each record. As each record may contain one or more posts by a user, the number of mentions is independent of the number of posts.
Categorisation and Indexing of Social Media Posts
Using natural language processing (NLP) the downloaded links were further indexed using patient lexicon and disease-related keywords to arrive at a sample set of possible patient records. Relevancy check of the extracted social media posts followed a two-step process. The first step included NLP to identify the relevancy and then a manual evaluation of the posts identified as relevant through NLP. Gender, age and other demographic information about users was recorded when available or when it was possible for the information to be inferred from the message content or categorised as unknown. The posts were classified as being reported by patients (e.g. in case of direct reference to a 'self' within the content, without references to other subjects, was qualified as patient-reported insights) or caregivers, where this could be determined on the basis of analysis of content and posts with no first-person references but mention of a relation like husband, wife, son, daughter etc. Final analysis of all relevant posts was conducted manually to generate patient insights. All manual tagging and analyses of posts followed a four-level hierarchy of decision-making, starting from level 1 (self review), level 2 (peer review done by peer analysts), level 3 (senior analyst review) and level 4 (team review), thus ensuring outcome of manual analyses followed a robust model of consensusbased analysis and tagging of posts.
The key themes identified included causes, symptoms, diagnosis, treatments and comorbidities associated with DED, and disease management. Posts were further analysed for the 'number of mentions' of a particular theme in the posts. Posts with a mention of DED severity were used to provide a qualitative description of the patients' self-reported experience of the disease. The impact of DED on patients' QoL was analysed using posts describing work productivity loss or inefficiency and problems in performing activities of daily living. Whilst more than one mention of a theme was counted once only, mention of other management strategies was counted separately, thus leading to the number of mentions sometimes being in excess of the number of posts obtained. For example, 'management' could result in more than one theme mention within a single post, e.g. drug management of the disease. As an example is the following:
Of course my insurance company denied any coverage for Xiidra. They said I needed a trial of Restasis. After they gave
Pilot Project
Extension Project . However, as the number of mentions for each of the key themes was different, and it was not clear if a comparable sample had expressed the specific themes in their posts, each theme should be interpreted as a standalone outcome. No correlation across the outcomes of these analyses is possible in the current study.
Ethical Considerations
This article does not contain any studies with human participants or animals performed by any of the authors. All online content was anonymised and is in compliance with the Health Insurance Portability and Accountability Act (HIPAA) search strategy and data collection. Approval was obtained from Novartis Social Media Council, the governing body which holds oversight on the use of social media by Novartis. All relevant local and global laws affecting and relating to the use of social media were aligned with and as reflected in Novartis processes were followed in the conduct of the current study. The authors of this manuscript consent to the publication of the submitted manuscript and declare that no individual patient data requiring consent has been presented.
Data Analysis
All data were analysed using descriptive statistics and are presented as numbers of posts, number of mentions or percentages. All posts were analysed by (1) social media channels (Twitter, forums, blogs and news), (2) countries (USA, Germany, Italy, UK, France, Spain, Australia and Japan), (3) tones (positive, neutral and negative) and (4) key themes of discussion.
RESULTS
Characteristics of Analysed Posts
A total of 26,502 outputs were initially extracted from social media platforms using DED-related keywords during the study period. In all, 2279 possible patient records were identified by NLP which automates the process of generating unique patient posts. The 2279 posts were then filtered for relevance to the disease area by analysts on the basis of manually identifying the content which explicitly stated information about DED. A total of 1192 posts determined to be written by patients or caregivers were thus identified and included for further analysis. Figure 1 summarises the filtering of posts. Most posts were by patients (99%; 1191/1192), and just one by a patient's caregiver. The information on gender could be discerned in 130 posts, and 68% (89/130) of posts were by female and 32% (41/130) by male patients. Where age could be discerned, 39% (26/67) of patients were aged between 21 and 30 years, 12% (8/67) between 31 and 40 years, and 22% between 41 and 50 years (15/67). Forums were the primary source of information, contributing to 69% of the total posts, followed by Twitter (29%). A detailed list of domains from where the posts were obtained has been provided in Supplementary Table 3 . Most of the social media posts were from the USA (77%) or the UK (21%) (Supplementary Table 2 ).
Key Themes of Discussion
The key themes of discussion in the posts were management (number of mentions, 1393), symptoms (901), causes (409), diagnosis (137) and associated comorbidities (187). The most common symptoms mentioned in the posts were eye dryness, pain and blurry vision. There were 409 mentions for the causes of dry eye, of which 40% mentioned the underlying medical conditions (e.g. Sjögren's syndrome, blepharitis, vitamin D deficiency and autoimmune conditions), 24% mentioned surgery (e.g. undergoing laser-assisted in situ keratomileusis, cataract surgery, photorefractive keratectomy laser surgery, radial keratotomy) and 15% mentioned side effects of medications (e.g. contraceptives, antihistamines, blood pressure medication, isotretinoin, cancer medication) (Fig. 2) . DED-associated comorbidities were a less frequently discussed theme-there were 187 mentions of comorbidities with eye diseases (34%), autoimmune conditions (13%), thyroid disorders (7%) and diabetes (6%) being the common comorbidities. Multiple diagnostic methods were mentioned as being available, but the Schirmer test and tear film break-up time were the most mentioned ones (Fig. 2) . Pharmaceutical drugs were mentioned as the major treatment option for managing dry eye symptoms (55% of 1393 treatment-related mentions), followed by devices (warm compresses, punctal plugs, scleral lens etc.). Of the pharmaceutical drugs, patients most often mention using eye drops; artificial tears as over-the-counter (OTC) drugs appear the first treatment option; about 17% of mentions related to prescription drugs. Patients are also actively discussing natural supplements as an alternative approach for treating dry eye symptoms.
Impact of DED on Patients' QoL
There were 224 posts by patients which were ascertained to describe their QoL (Fig. 3) . Dry eye was stated to significantly impact patients' QoL, limiting the activities of daily routine, commute/driving and use of electronic devices. Overall, DED greatly affected patient psychological well-being, as illustrated through the patient quotes in Fig. 4 . Of the QoL quotes, nearly one quarter (51/224) spoke of workplace difficulties (see Table 1 for themes and some example quotes). Of the 51 mentions related to workplace difficulties, 48 had a negative mention (Table 1) .
Everyday activities like driving, reading and wearing contact lenses had some of the highest proportions of negative mentions. However, the overlap of these mentions with the potential impact of this impairment on patients' QoL demonstrates the interrelationship between clinical symptoms and QoL.
Patients' Perspectives on Unmet Needs
Patients' perceptions of unmet needs were assigned under four broad categories: disease, symptoms and diagnosis, treatment and QoL. A summary of patient perception of unmet need is presented in Fig. 4 . Patients mentioned a lack of awareness about DED and insufficient access to essential information about the disease as the key unmet needs relating to the disease. This correlated with delayed diagnosis/misdiagnosis after presentation of initial symptoms also being mentioned as an important factor.
Patients seem to recognise the value of timely referral to specialists, and the need for physician awareness of DED is identified as a key need. Moreover, patients perceive that, despite the availability of symptomatic treatments, there is no available treatment providing lasting relief. The relative lack of efficacy and frequent treatment switches due to inefficacy are illustrated by the quotes provided in Fig. 4 .
DISCUSSION
The current study attempts to utilize substantive data from social media platforms, and apply it to understanding patient issues related to living with DED. This is the first study to use an SML approach to analyse disease burden and patients' perspectives on DED, and provides a view of the significant impact of DED on patients' daily activities, work and driving. The results illustrate how lack of expertise for proper diagnosis, a dearth of effective treatment options and the need to increase awareness of DED among patients are the key unmet needs.
Social media interactions present an inherent opportunity to obtain unfiltered, clear, firstor near-person narratives of patients' experiences of living with disease conditions and the effectiveness of their treatment. SML has been used as a tool to investigate patient perceptions in different indications, including multiple sclerosis [15] , cancer screening [16] , human immune virus [17] , inflammatory bowel disease [18] , Zika virus [19] and total joint arthroplasty [20] . Emerging communication media have been used in different academic disciplines to assess perspectives and views of their users on health issues and interventions [21] [22] [23] [24] . Insights derived from such online conversations can be a crucial resource in enriching treatment outcomes associated with chronic disease conditions.
NLP has been widely used in SML studies, and the resulting data has been reported for a variety of diseases. The use of NLP-based surveillance has especially been studied for its effectiveness in post-marketing safety surveillance. These studies assessed the effectiveness of NLP-based surveillance ranging from signal detection to identifying individual case safety reports from social media. This is especially true in the case of hybrid models where NLP is paired with manual assessment to arrive at a search strategy that optimizes the processing throughput possible with NLP-based surveillance, combined with the specificity and accuracy of manual assessment.
In the current study, NLP (itself well characterized as being effective in SML) has been used for its high-throughput capability, which was then paired with manual assessment to provide the necessary focus and specificity of Fig. 2 Major themes of discussion on social media by the number of mentions in the posts the outputs. As a tool for such SML studies, it can be surmised that certain pertinent posts might have been excluded by this approach; however, it is unlikely that any non-specific posts will be included. Thus, errors of exclusion may impact the strength of the signal identified, but the proportion of ''noise to signal'' is relatively low, and hence the outcomes of this approach are considered to be robust. The SML approach used in the current study enriches our understanding of the issues, concerns and needs of DED patients, as expressed in social platforms, and complements the understanding from more conventional research approaches. Since the information is not being solicited through structured interviews, it allows a first-person authenticity in their described experiences. Potential bias inherent when using research questionnaires, interviews and other solicited sources of response-gathering has the potential to influence the research result outcome [25] . Being self-described, social media posts can therefore complement insights from traditional survey-based studies to posit a more complete picture of patient experiences with DED.
The insights from the present study are a valuable addition to existing literature on DED patient experiences. However, they must be interpreted in the context of key limitations imposed by the nature of the study and the data obtained from it. Firstly, a majority of the posts were from the USA, and the findings may not be generalised across all geographies. Secondly, expression of patient perceptions may be a function of how motivated they are to use social media. Negative perceptions may be vocalised more often than positive perceptions/experiences. That said, the broad agreement of trends from this study with those from previous Can't go out in public 1 survey-based studies is an indicator of the validity of the information derived from social media. Lastly, inherent biases which may affect accuracy (representation of collected sample, linguistic selection in posts), reliability (consistency of reports from individual patients across time points or descriptors) and quality of information (self-selection bias) from any social media platform may be operative in the current study as well [26] .
In the present study, one of the key themes was an expression of need for better medications due to patients' frustration with relief offered by current available medications. Patient satisfaction associated with current dry eye medications, and with symptom control, is low [27] . Thus, there may be some disconnect between clinical assessment of ''effectiveness'' and patients' perception of ''relief'' associated with current medications use. Patient-and physician-reported assessments of DED severity often diverge and, despite reports of patient experience being positively associated with clinical effectiveness, contrary reports of patient experience often being not in concordance with clinical assessments also exist [28, 29] . The fact that symptoms, causes and especially treatments of DED are most frequently discussed in the context of their impact on patients' lives in the current study, points to the practical concerns that are most bothersome to patients; these may differ from clinical measures of improvement. This is suggestive of the need for current DED treatment paradigms to include qualitative aspects of patient experience to build a patient-centric model of DED management.
Two broad aspects of patient experience that the current study identify are impairment of QoL and patient perceptions of unmet needs. Almost one in four DED patients who contributed posts online describe impaired QoL in terms of workplace difficulties. It has been previously reported that people with DED are 2-3 times more likely to experience difficulties with daily activities such as reading, computer use, watching television, performing professional work and day-or night-time driving [30] . In a survey from five European countries, 31% of patients perceived DED as a 'disease' and in some cases even a 'handicap' [31] . In a cohort study from China, when vision-related QoL in outpatients with DED was compared to the general population, patients with DED had statistically significantly higher scores measuring the impact on 'mental health', 'role difficulties', 'dependency' and 'driving' subscales as well as in the composite score [32] . Impairments in QoL due to moderate and severe dry eye are similar to reports for moderate and more severe (class III/IV) angina, respectively, when measured for utility assessment (preference by patients for a specified condition) [33] . The high patient burden of DED consequently translates into a significant economic burden on both the individual and healthcare system-the annual overall burden of DED on the health care system in the USA was estimated at USD3.84 billion and per patient at USD771 and USD1267 for patients with moderate and severe DED, respectively, in 2011 [7, 34] . The cumulative impact of the QoL impairment and cost burden is that DED patients report a lack of optimism about the outlook for their condition in the long term [35] .
The articulation of issues influencing patients' QoL in social media posts provides a basis for increasing awareness of, and developing management strategies for those underlying unmet needs. A common theme amongst patients' posts was the delay in diagnosis of DED, which resulted in multiple visits to physicians' offices, and suboptimal management of DED symptoms. An online survey of DED patients concluded that delayed diagnosis and high frequency of treatment use are associated with negative patient perception of DED [31] . Additionally, even after being diagnosed with DED, patients appear to perceive the lack of desired efficacy as an unmet need in the current study. In a previous questionnaire-based survey of 4000 participants, at least 15-20% of participants reported being either somewhat or extremely dissatisfied with the duration for which the treatment worked [35] . Nearly 40% of all patients reported either being dissatisfied or unaffected by the duration of efficacy of their treatment [36] . Despite being one of the most common clinical complaints, fundamental issues like timely diagnosis and efficacious treatment seem to be the most voiced unmet needs in DED.
CONCLUSIONS
DED imposes a significant burden of impaired QoL in patients that spans multiple aspects of daily life. This appears to manifest itself in terms of both a requirement for more efficacious treatment options and also improvements in the education, diagnosis and management of the disease. The insights revealed using SML data strengthen our understanding of patient experiences and their unmet needs in DED. This study illustrates that an SML approach contributed effectively in generating patient insights, which can be utilised to inform decision-making and strategy in drug development. Harnessing the synergy between data from new digital media platforms and conventional channels of patient insight generation is important to build a patient-centric model of DED care. manuscript and declare that no individual patient data requiring consent has been presented.
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